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
6LJQLILFDQFH
%\LQYHVWLJDWLQJFHOOVXUIDFHSURWHLQVRI(ZLQJVDUFRPDZHKDYHLGHQWLILHGDQDQWLJHQ
WKDWLVXQLTXHO\H[SUHVVHGRQWKHVHWXPRXUFHOOVFRPSDUHGZLWKPHVHQFK\PDOVWHP
FHOOV7KLVSURWHLQDFWVDVDWDUJHWIRUDQWLERG\GUXJFRQMXJDWHVWKDWDUHLQWHUQDOL]HG
DQGFDQNLOOWKHVHWXPRXUFHOOVSUHVDJLQJWUDQVODWLQJWRFOLQLFDOXVHLQWUHDWLQJ(ZLQJ
VDUFRPDHVSHFLDOO\PHWDVWDWLFGLVHDVH

$EVWUDFW
7KH FHOO VXUIDFH SURWHRPH RI WXPRXUV PHGLDWHV WKH LQWHUIDFH EHWZHHQ WKH
WUDQVIRUPHG FHOOV DQG WKH JHQHUDO PLFURHQYLURQPHQW LQFOXGLQJ LQWHUDFWLRQV ZLWK
VWURPDOFHOOV LQWKHWXPRXUQLFKHDQGLPPXQHFHOOVVXFKDV7FHOOV ,QDGGLWLRQWKH
FHOOVXUIDFHSURWHRPHRI LQGLYLGXDOFDQFHUVGHILQHVELRPDUNHUV IRU WKDW WXPRXU W\SH
DQGSRWHQWLDOSURWHLQVWKDWFDQEHWKHWDUJHWRIDQWLERG\PHGLDWHGWKHUDS\:HKDYH
XVHG QH[W JHQHUDWLRQ GHHS 51$ VHTXHQFLQJ 51$VHT FRXSOHG WR DQ LQKRXVH
GDWDEDVH RI JHQHV HQFRGLQJ FHOO VXUIDFH SURWHLQV KHUHLQ UHIHUUHG WR DV WKH
VXUIDFHRPHDVDWRROWRGHILQHDFHOOVXUIDFHSURWHRPHRI(ZLQJVDUFRPDFRPSDUHG
ZLWKSURJHQLWRUPHVHQFK\PDOVWHPFHOOV7KLVVXEWUDFWLYH51$VHTDQDO\VLVUHYHDOHG
D VSHFLILF VXUIDFHRPH RI (ZLQJ DQG VKRZHG XQH[SHFWHGO\ WKDW WKH OHXFLQHULFK
UHSHDW DQG LPPXQRJOREXOLQ GRPDLQ SURWHLQ /,1*2 LV H[SUHVVHG RQ RYHU  RI
(ZLQJVDUFRPD WXPRXUV EXWQRW H[SUHVVHG LQDQ\RWKHU VRPDWLF WLVVXHDSDUW IURP
WKHEUDLQ:HIRXQGWKDWWKH/,1*2SURWHLQDFWVDVDJDWHZD\SURWHLQLQWHUQDOL]LQJ
LQWRWKHWXPRXUFHOOVZKHQHQJDJHGE\DQWLERG\DQGFDQFDUU\DQWLERG\FRQMXJDWHG
ZLWK GUXJV WR NLOO (ZLQJ VDUFRPD FHOOV 7KHUHIRUH /,1*2 LV D QRYHO XQLTXH DQG
VSHFLILFELRPDUNHUDQGGUXJWDUJHWIRUWKHWUHDWPHQWRI(ZLQJVDUFRPD
(ZLQJVDUFRPDVXUIDFHRPH	/,1*2


ERG\
,QWURGXFWLRQ
7DUJHWHGFDQFHUWUHDWPHQWRSWLRQVUHO\RQWKHLGHQWLILFDWLRQRIVSHFLILFWDUJHWSURWHLQV
WKDW DOORZ WKH GLIIHUHQWLDWLRQ EHWZHHQ QRUPDO DQG PDOLJQDQW FHOOV 0RQRFORQDO
DQWLERGLHV WKDW VHOHFWLYHO\ ELQG WR VXFK WDUJHW SURWHLQV KDYH EHHQ VXFFHVVIXOO\
XWLOL]HG LQ WKH FOLQLF &HOO VXUIDFH SURWHLQV DUH H[FHOOHQW WDUJHWV IRU DQWLERG\EDVHG
WKHUDSHXWLFVGXH WR WKHLUDFFHVVLELOLW\0HFKDQLVPVE\ZKLFKDQWLERGLHVFDQ LQGXFH
WXPRXU FHOO NLOOLQJ LQFOXGH $QWLERG\'HSHQGHQW &HOO PHGLDWHG &\WRWR[LFLW\ $'&&
DQG VSHFLILF GHOLYHU\ RI D F\WRWR[LF SD\ORDG WR WXPRXU FHOOV XVLQJ DQWLERG\GUXJ
FRQMXJDWHV $'& +RZHYHU WKHUHDUH IHZFDQFHUVSHFLILF FHOO VXUIDFHSURWHLQV
WKDWFDQEHLQYRNHGIRUDQWLERG\WDUJHWLQJ2IWKHSUHGLFWHGQXPEHURIDERXW
KXPDQ JHQHV DSSUR[LPDWHO\  DUH SUHGLFWHG WR EH PHPEUDQH DVVRFLDWHG
0HWKRGV DUH UHTXLUHG WR ILOWHU WKLV LQIRUPDWLRQ DQG DOORZ IXUWKHU SUHGLFWLRQ RI FHOO
VXUIDFHPROHFXOHV7KHDQDO\VLVRIZKROHFHOOXODUWUDQVFULSWRPHVE\QH[WJHQHUDWLRQ
GHHS51$VHTXHQFLQJ 51$VHT LVDQHZPHWKRG IRU WDUJHWGLVFRYHU\ZKLFKFDQ
EHXWLOL]HGDVDVXUURJDWHWRROIRUWKHDQDO\VLVRIWKHSURWHRPHLQFOXGLQJWKHHQWLUHW\
RIFHOOVXUIDFHSURWHLQVFDOOHGWKHVXUIDFHRPH
7KH(ZLQJVDUFRPD IDPLO\RI WXPRXUV (6)7DUHDJJUHVVLYHERQHDQGVRIW WLVVXH
WXPRXUVZLWKDKLJKSURSHQVLW\ WRPHWDVWDVLVH(ZLQJVDUFRPD LV WKHVHFRQGPRVW
FRPPRQERQH WXPRXURIFKLOGUHQDQGDGROHVFHQWVZLWK WKHPHDQDJHRIGLDJQRVLV
EHLQJ \HDUVRIDJH7KHFXUUHQW VWDQGDUGRI FDUH WUHDWPHQW LVPXOWLPRGDO
WUHDWPHQWLQFOXGLQJV\VWHPLFFKHPRWKHUDS\ZLWKHLWKHUUDGLDWLRQRUVXUJHU\RIWHQZLWK
OLPEDPSXWDWLRQLQSDWLHQWVZLWKORFDOUHFXUUHQFH+RZHYHUGHVSLWHDJJUHVVLYH
WUHDWPHQWWKH\HDUVXUYLYDOUDWHLVIRUORFDOL]HGGLVHDVHDQGGURSVVKDUSO\
WRRQO\ZKHQWKHFDQFHUPHWDVWDVLVHV7KHUHLVWKHUHIRUHDQHHGIRUQRYHO
WDUJHWHGWKHUDSLHVIRUWKHVHFDQFHUVWKDWZLOORYHUFRPHWKHOLPLWDWLRQVRIWKHFXUUHQW
(ZLQJVDUFRPDVXUIDFHRPH	/,1*2

WUHDWPHQWUHJLPHQVQDPHO\WKHVHYHUHVLGHHIIHFWVDQGYHU\OLPLWHGHIIHFWLYHQHVVIRU
PHWDVWDVL]HGGLVHDVH
(ZLQJ VDUFRPD DULVHV DV D FRQVHTXHQFH RI EDODQFHG FKURPRVRPDO WUDQVORFDWLRQV
OHDGLQJWRDQLQIUDPHIXVLRQRIWKH(:65JHQHZLWKDPHPEHURIWKH(76IDPLO\RI
JHQHV SULQFLSDOO\ UHVXOWLQJ IXVLRQ SURWHLQ LV (:6)/, ZKLFK DFWV DV DQ DEHUUDQW
WUDQVFULSWLRQIDFWRUDQGLQGXFHVJOREDOFKDQJHVLQJHQHH[SUHVVLRQWKDWDUHHVVHQWLDO
IRUPDOLJQDQWWUDQVIRUPDWLRQDQGWXPRXUIRUPDWLRQ7KHPRVWOLNHO\FHOOVRIRULJLQ
RI (ZLQJ VDUFRPD DUH PHVHQFK\PDO VWHP FHOOV 06&V VLQFH WKHVH FHOOV DUH
SHUPLVVLYHIRU(:6)/,ZKLFKLVWR[LFIRUPDQ\FHOOOLQHV,QDGGLWLRQ(:6
)/,H[SUHVVLRQ LQ06&V LQGXFHVDJHQHH[SUHVVLRQSURILOH WKDW LVKLJKO\VLPLODU WR
(:6ZKLOH(:6)/,VLOHQFLQJLQ(6FHOOOLQHVOHDGVWRWKHFRQYHUVLRQWRZDUGV
D06&H[SUHVVLRQSURILOH
7RIDFLOLWDWHWKHGHYHORSPHQWRIDJHQHUDODSSURDFKWRLGHQWLI\FDQGLGDWHFHOOVXUIDFH
SURWHLQV ZH H[DPLQHG WKH (ZLQJ VDUFRPD FHOO VXUIDFH XVLQJ D QHZ 51$VHT
VXUIDFHRPHGDWDEDVHWRDQDO\]HZKROHWUDQVFULSWRPHVRISRO\$51$IURPWKUHHFHOO
OLQHV ZLWK WZR 06& OLQHV VXEWUDFWLYH 51$VHT 2XU ZRUN RQ WKH (ZLQJ VDUFRPD
51$VHT LVDSURRIRIFRQFHSWDQG UHYHDOHGDVHWRIFDQGLGDWH WDUJHWSURWHLQV WKDW
DUH GLIIHUHQWLDOO\ H[SUHVVHG LQ WKH WXPRXU FHOOV 2QH RI WKHVH WDUJHW JHQHV LV WKH
OHXFLQHULFKUHSHDWDQG,JGRPDLQFRQWDLQLQJSURWHLQ/,1*2ILUVW LGHQWLILHGDVD
FRPSRQHQWRISURWHLQFRPSOH[RQEUDLQFHOOV2XUGDWDVXJJHVWWKDW/,1*2LVD
KLJKO\VSHFLILFGUXJWDUJHWDQGQRYHOELRPDUNHURI(ZLQJVDUFRPDWXPRXUV

(ZLQJVDUFRPDVXUIDFHRPH	/,1*2

5HVXOWV
*HQHUDWLRQRIDGDWDEDVHRIJHQHVHQFRGLQJVXUIDFHRPHSURWHLQV
7KHXVHRIGDWD IRUJHQHVHQFRGLQJFHOOVXUIDFHSURWHLQV WKHVXUIDFHRPHKDV
LQFUHDVLQJLPSRUWDQFHVLQFHZKROHWUDQVFULSWRPHGDWDFDQQRZEHREWDLQHGE\QH[W
JHQHUDWLRQGHHSVHTXHQFLQJRISRSXODWLRQVRIFHOOVDQGVLQJOHFHOOV)XUWKHU
FRPSOHWH JHQRPH VHTXHQFLQJ KDYH GHILQHG DOO WKH FRGLQJ JHQHV DOORZLQJ
FODVVLILFDWLRQ RI JHQH SURGXFWV LQWR IXQFWLRQDO FDWHJRULHV DQG LQWR VXEFHOOXODU
ORFDWLRQV VXFK DV QXFOHXV PLWRFKRQGULD PHPEUDQHDVVRFLDWLRQ FHOO VXUIDFH DQG
VHFUHWHG :H KDYH GHYHORSHG VXUIDFHRPH GDWDEDVH EDVHG RQ WKH VRXUFHV DQG
FULWHULD OLVWHG LQ 6, $SSHQGL[ 7DEOH 6$ 7KH SRWHQWLDO VXUIDFHRPH JHQHV ZHUH
FODVVLILHG DV JROG VLOYHU RU EURQ]H 6, $SSHQGL[ 7DEOH 6% 7KHVH VXUIDFHRPH
GDWDEDVHFODVVGHVLJQDWLRQVZHUHHVWDEOLVKHG WRJLYHGHJUHHVRI FRQILGHQFHDERXW
WKHYDOLGLW\RIHDFKFDQGLGDWHVXUIDFHSURWHLQHQFRGLQJP51$ IRU LQVWDQFHJROG LV
ZKHUHDSURWHLQKDVEHHQVKRZQWRKDYHVXUIDFHH[SUHVVLRQZKHUHDVWKHWZRRWKHU
FODVVHV GLVWLQJXLVK KLJKHU DQG ORZHU FRQILGHQFH LV VXFK SUHGLFWLRQV $FFRUGLQJO\
QH[WJHQHUDWLRQGHHS51$VHTGDWDFDQEHILOWHUHGXVLQJWKHVXUIDFHRPHGDWDEDVH
WR OLVW JHQHV WKDW ZLOO HQFRGH SURWHLQV DW WKH FHOO VXUIDFH DQG E\ FRPSDULQJ WZR
UHODWHG FHOO SRSXODWLRQV FDQGLGDWH SURWHLQV FDQ EH LGHQWLILHG WKDW DUH GLIIHUHQWO\
H[SUHVVHGVXEWUDFWLYH51$VHT

$QDO\VLV RI 51$VHT VXUIDFHRPH GDWD UHYHDOV (ZLQJ VDUFRPD FHOO VXUIDFH
SURWHLQV
3RVVLEOHQRYHOVXUIDFHSURWHLQVWKDWFRXOGEHWKHUDSHXWLFWDUJHWVIRU(ZLQJVDUFRPD
ZHUH LQYHVWLJDWHG E\ LPSOHPHQWLQJ WKH ILOWHULQJ RI ZKROH WUDQVFULSWRPH GHHS
VHTXHQFLQJRI51$IURPWKUHH(ZLQJVDUFRPDFHOOOLQHV$7&DQG77&
FRPSDUHGZLWKWZR06&OLQHV+DQGY7KHFRPSOHWHGDWDVHWVIRUWKHILYH
51$ SRSXODWLRQV DUH JLYHQ LQ 'DWDVHW 6 :H FRPSDUHG WKH WZR ZKROH
WUDQVFULSWRPHV ZLWK VXUIDFHRPH HQFRGLQJ WUDQVFULSWV )LJXUH  DQG 6, $SSHQGL[
(ZLQJVDUFRPDVXUIDFHRPH	/,1*2

)LJXUH6DVZHOODV WUDQVFULSWLRQ IDFWRUVFHOOF\FOHDQGFHOOVLJQDOLQJSURWHLQV 6,
$SSHQGL[ )LJXUHV 6 DQG 6  7KH VXEWUDFWHG VXUIDFHRPH 51$VHT GDWD VHW LV
OLVWHG LQ 'DWDVHW 6 7KLV UHYHDOHG  P51$ WUDQVFULSWV WKDW DUH SUHIHUHQWLDOO\
H[SUHVVHGLQ(:6DQGWUDQVFULSWVWKDWDUHSUHIHUHQWLDOO\H[SUHVVHGLQWKH06&
OLQHV )LJXUH$%\ ILOWHULQJ WKH51$VHTGDWDZLWKRXUVXUIDFHRPHGDWDEDVHDQG
VXEWUDFWHG EHWZHHQ WKH WZR 51$VHT GDWD VHWV ZH IRXQG WKDW  P51$V DUH
GLIIHUHQWLDOO\ H[SUHVVHG LQ (ZLQJ VDUFRPD ZLWK OLPLWHG H[SUHVVLRQ LQ 06&V ZKLOH
 JHQHV ZHUH XSUHJXODWHG LQ WKH 06& OLQHV )LJXUH % 7KLV LQFOXGHV NQRZQ
(ZLQJVDUFRPDDVVRFLDWHGSURWHLQVVXFKDV&''DWDVHW6EXW&'LVNQRZQ
DV D (ZLQJ VDUFRPD PDUNHU DQG IXUWKHU &' P51$ H[SUHVVLRQ GLG QRW IXOILOO WKH
VHOHFWLYLW\FULWHULDXVHGLQRXUVWXG\
7KHPRVWKLJKO\GLIIHUHQWLDOO\H[SUHVVHGFDQGLGDWHP51$V LQ(ZLQJVDUFRPDZHUH
VHOHFWHGXVLQJPRUHVWULQJHQWFULWHULDLHKLJKH[SUHVVLRQOHYHOVLQDOOWKUHH(:6FHOO
OLQHVDQGQRRUYHU\ ORZH[SUHVVLRQLQERWK06&OLQHVH[FOXGLQJJHQHVZLWKKLJK
YDULDELOLW\LQWKHLUH[SUHVVLRQOHYHOVEHWZHHQWKH(ZLQJFHOO OLQHV7KLVGHULYHGDVHW
RIWHQJHQHVLQ(ZLQJVDUFRPDDQGIRXUJHQHVLQWKH06&WKDWILWWKHVHFULWHULD6,
$SSHQGL[7DEOH6WKHVHP51$VDUHDOVRLQGLFDWHGLQ)LJXUH%7KHDWWULEXWLRQRI
WKHH[SUHVVLRQRI WKHJHQHVZDVFRQILUPHGXVLQJE\ UHDO WLPH3&5T573&5
XVLQJ F'1$ PDGH IURP WKH WKUHH (ZLQJ FHOO OLQHV DQG WKH WZR 06& OLQHV $OO WHQ
FDQGLGDWHWDUJHWJHQHVH[SUHVVHGLQWKH(ZLQJFHOOOLQHVFRXOGQRWEHGHWHFWHGLQWKH
06&OLQHVZKLOHWKHIRXU06&VSHFLILFFHOOVZHUHGHWHFWHGLQWKH06&OLQHVEXWQRW
LQWKH(ZLQJFHOOOLQHV)LJXUH

/,1*2LVDQRYHOELRPDUNHUIRU(ZLQJVDUFRPDWXPRXUV
2QH RI WKH P51$V REVHUYHG LQ WKH (ZLQJ 51$VHT JURXS HQFRGHV WKH OHXFLQH
UHSHDW DQG ,J GRPDLQ FRQWDLQLQJ SURWHLQ /,1*2 7KH SURWHLQ LV H[SUHVVHG LQ
QHXURQDO WLVVXHDQG LVQDWXUDOO\SDUWRI WKH1RJR UHFHSWRU $PRVWVWULNLQJ
FKDUDFWHULVWLFRI/,1*2LVLWVODUJHDQGZHOOFKDUDFWHUL]HGH[WUDFHOOXODUGRPDLQ
(ZLQJVDUFRPDVXUIDFHRPH	/,1*2

7KLVPDGH/,1*2VWDQGRXWDVDSRWHQWLDOQHZELRPDUNHUDQGGUXJWDUJHWLQ(ZLQJ
VDUFRPD7KHH[SUHVVLRQRILINGO1P51$ZDVVWXGLHGLQDODUJHUSDQHORI(ZLQJ
VDUFRPDFHOO OLQHVDOORIZKLFKFDUU\ WKHFKDUDFWHULVWLFFKURPRVRPDO WUDQVORFDWLRQV
FDXVLQJ EWS- IXVLRQ JHQHV T573&5 DQDO\VLV RI HLJKW (ZLQJ VDUFRPD FHOO OLQHV
DQGWKUHH06&OLQHVVKRZVWKDWLINGO1P51$FRXOGEHGHWHFWHGLQDOORIWKH(:6
OLQHVZKHUHDVLINGO1ZDVQRWGHWHFWHGLQWKH06&OLQHV)LJXUH$
7KHDQDO\VLVRI WKH VXUIDFHRPHE\P51$ H[SUHVVLRQ LV D VXUURJDWH IRU WKH DFWXDO
SURWHRPHDQGZHWKHUHIRUHGHWHUPLQHG/,1*2SURWHLQ OHYHOV LQWKHVDPHSDQHORI
FHOOOLQHVXVLQJ:HVWHUQEORWDQDO\VLV7KHXSSHUSDQHOVLQ)LJXUH%VKRZV/,1*2
SURWHLQLVGHWHFWHGLQDOORIWKH(ZLQJFHOOOLQHVEXWQRWLQWKH06&V:HYHULILHGWKH
SUHVHQFHRIWKH(:6)/,IXVLRQSURWHLQE\:HVWHUQEORWWLQJZLWKDQWL)/,DQWLERG\
)LJXUH%ULJKWRUE\:HVWHUQEORWWLQJZLWKDQWL(:6LQWKHWKUHH(ZLQJFHOO OLQHV
H[SUHVVLQJWKHDOWHUQDWLYH IXVLRQSURWHLQV(:6(5*77&DQG50RU(:6
)(967$(7)LJXUH%OHIW,QWKLVDQDO\VLVWKHXSSHUEDQGUHSUHVHQWVFHOOXODU
(:6SURWHLQZKLOHWKHERWWRPEDQGUHSUHVHQWVWKHIXVLRQSURWHLQ
/,1*2 LV H[SUHVVHG LQ DOO WKH (ZLQJ VDUFRPD FHOO OLQHV WHVWHG 7KH VSHFWUXP RI
SULPDU\(ZLQJVDUFRPDSDWLHQWH[SUHVVLRQZDVDQDO\]HGXVLQJWLVVXHPLFURDUUD\VRI
SDUDIILQHPEHGGHG FRUHV WDNHQ IURP WXPRXU ELRSVLHV &' LV D NQRZQ LPPXQH
KLVWRFKHPLFDOPDUNHURI(:6DQGVHUYHGDVDSRVLWLYHFRQWURO/,1*2H[SUHVVLRQ
OHYHOVZHUHTXDQWLILHGDFFRUGLQJWRVWDLQLQJLQWHQVLWLHV)LIW\VL[SDWLHQWVDPSOHVZHUH
DQDO\]HG LQ WRWDO DQG ZH GHWHFWHG /,1*2 H[SUHVVLRQ LQ  RI WKHVH VDPSOHV
7ZHOYHVDPSOHVVKRZHGZHDNWZHQW\ILYHVDPSOHVPRGHUDWHDQGIRXUWHHQVDPSOHV
VWURQJ /,1*2 H[SUHVVLRQ OHYHOV 6, $SSHQGL[ 7DEOH 6 )LJXUH & VKRZV
H[DPSOHVRIZHDNPRGHUDWHDQGVWURQJVWDLQLQJLQWHQVLWLHVGHVLJQDWHGSDWLHQW
DQG  UHVSHFWLYHO\ LQ GLIIHUHQW (ZLQJ VDUFRPD SDWLHQW VDPSOHV DOO RI ZKLFK DUH
FOHDUO\ SRVLWLYH IRU &' H[SUHVVLRQ 3DUDIILQHPEHGGHG 06&V IURP RXU FXOWXUHG
OLQHV VHUYHG DV QHJDWLYH FRQWUROV LQ WKLV H[SHULPHQW DQG VKRZ RQO\ EDFNJURXQG
VWDLQLQJ)LJXUH&LINGO151$H[SUHVVLQJZDVFRPSDUHGLQWKH$(ZLQJFHOO
(ZLQJVDUFRPDVXUIDFHRPH	/,1*2

OLQHZLWK51$IURPDUKDEGRP\RVDUFRPDFHOOOLQHDQGWZRQHXUREODVWRPDOLQHVE\T
573&56,$SSHQGL[)LJXUH6:HXVHGWKHSUHYLRXVO\LGHQWLILHG(ZLQJVDUFRPD
PDUNHU,70$DQG.&11WKDWZHKDYHIRXQGLQRXUVWXG\6,$SSHQGL[
7DEOH 6 LINGO1 DQG ITM2A H[SUHVVLRQ SDUDOOHO HDFK RWKHU DQG RQO\ VKRZ
H[SUHVVLRQ$DQGQRW LQ WKHUKDEGRP\RVDUFRPDRUQHXUREODVWRPDV.&11RQ
WKH RWKHU KDQG LV UHODWLYHO\ KLJKO\ H[SUHVVHG LQ WKH QHXUREODVWRPD OLQHV DQG WKXV
FOHDUO\ QRW RQO\ LQ (ZLQJ VDUFRPDV $ PLFURDUUD\ DQDO\VLV VWXG\LQJ H[SUHVVLRQ LQ
VHYHUDO (ZLQJ VDUFRPD FHOO OLQHVDQG RWKHU VDUFRPD W\SHV LQFOXGLQJ506 VKRZV
/,1*2LVFRQVLVWHQWO\DQGVLJQLILFDQWO\XSUHJXODWHGRQO\LQ(ZLQJVDUFRPD
7KH QRUPDO H[SUHVVLRQ RI /,1*2 KDV EHHQ UHSRUWHG WR EH UHVWULFWHG WR VRPH
QHXURQDOFHOOVDQGSUHFXUVRUVEH\RQGWKHEORRGEUDLQEDUULHU%%%)XUWKHU
WKHUH DUH KXPDQ 51$ GDWD VKRZLQJ QHJOLJLEOH H[SUHVVLRQ RXWVLGH WKH &16
KWWSZZZSURWHLQDWODVRUJ(16*/,1*2WLVVXH  :H FRQILUPHG WKDW
LQ PRXVH WLVVXHV XVLQJ 573&5 ZH RQO\ REVHUYHG D /,1*2 SURGXFW IURP EUDLQ
WLVVXH DQG QRW IURP D UDQJH RI VRPDWLF WLVVXHV 6, $SSHQGL[ )LJXUH 6 7KH
XQH[SHFWHGH[SUHVVLRQRILINGO1 LQ(ZLQJVDUFRPDVXJJHVWVWKDWWKHUHPD\EHD
UHODWLRQVKLS WR WKH EWS JHQH IXVLRQ WKDW FRPHV IURP WKH FRQVLVWHQW FKURPRVRPDO
WUDQVORFDWLRQ LQ WKHVH WXPRXUV 6WDEOH 06& OLQHV ZHUH HVWDEOLVKHG LQ ZKLFK EWS-
FLI1 DQG eGFP H[SUHVVLRQ DUH GULYHQ E\ D ELGLUHFWLRQDO GR[\F\FOLQH LQGXFLEOH
SURPRWHU 6WDEOH FORQHV ZHUH LQGXFHG ZLWK JPO GR[\F\FOLQH DQG  FORQHV
GLVSOD\LQJKLJKH*)3LQGXFWLRQOHYHOVZHUHVHOHFWHG:HVWHUQDQDO\VLVZLWKDQWL)/,
DQWLERG\ WR GHWHFW WKH (:6)/, IXVLRQ SURWHLQ DQG TXDQWLWDWLYH 573&5 RI EWS-
FLI1P51$UHYHDOHGKLJK LQGXFWLRQ OHYHOVRI(:6)/, LQ WKHVHOHFWHGFORQHV 6,
$SSHQGL[ )LJXUH 6$ % $OO ILYH LQGXFLEOH 06& FORQHV VKRZHG VWLPXODWLRQ RI
LINGO1 H[SUHVVLRQ WR D JUHDWHU RU OHVVHU H[WHQW FRPSDUHG WR WKH LQGXFWLRQ RI
NR0B1WKHJHQHHQFRGLQJ'$;WKDWLVDGLUHFWWDUJHWRI(:6)/,H[SUHVVLRQ
6,$SSHQGL[)LJXUH6&'7KHVHGDWDHQGRUVHLINGO1DVSDUWRIWKH(:6)/,
WUDQVFULSWRPHODQGVFDSH
(ZLQJVDUFRPDVXUIDFHRPH	/,1*2
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
/,1*2 LV H[SUHVVHG RQ WKH VXUIDFH RI (ZLQJ VDUFRPD FHOO OLQHV DQG
LQWHUQDOL]HVZKHQERXQGE\,J*
7KH LPPXQRKLVWRFKHPLVWU\ RI WKH (ZLQJ VDUFRPD WXPRXUV VKRZ VXUIDFH VWDLQLQJ
ZLWK DQWL/,1*2 PRQRFORQDO DQWLERG\ )LJXUH & 6XUIDFH H[SUHVVHG /,1*2
SURWHLQZDVFRQILUPHGXVLQJ IORZF\WRPHWU\ZLWKHLJKWGLIIHUHQW(ZLQJVDUFRPDFHOO
OLQHVFRPSDUHGWRWKHWKUHH06&OLQHV)LJXUH$OOHLJKW(ZLQJVDUFRPDFHOOOLQHV
KDYH /,1*2 RQ WKHLU FHOO VXUIDFH 7KHVH GDWD GHPRQVWUDWH WKDW /,1*2 LV D
GLIIHUHQWLDOO\H[SUHVVHGFHOOVXUIDFHSURWHLQLQ(ZLQJVDUFRPDPDNLQJLWDSRWHQWLDOO\
XVHIXO WDUJHW IRU DQWLERG\EDVHG WKHUDSLHV VXFK DV GHOLYHU\ RI $QWLERG\ 'UXJ
&RQMXJDWHV$'&,QRUGHUWRDFKLHYHFHOOWR[LFLW\E\$'&PHWKRGVWKHUHDJHQWKDV
WRELQGWRDFHOOVXUIDFHWDUJHWDQGFRQVHTXHQWO\EHFRPH LQWHUQDOL]HGWRGHOLYHU WKH
GUXJ/,1*2LQWHUQDOL]DWLRQZDVH[DPLQHGE\FRVWDLQLQJWKH(ZLQJFHOO OLQH$
ZLWK),7&FRXSOHGDQWL/,1*2DQWLERG\DQGDQWLERGLHVUHFRJQL]LQJHLWKHUWKHHDUO\
HQGRVRPH(($RUWKHO\VRVRPH/$03SURWHLQV)ROORZLQJLQFXEDWLRQHLWKHUDW
& RU DW & IRU  KRXUV FHOOV ZHUH IL[HG SHUPHDELOL]HG DQG LQFXEDWHG ZLWK
$OH[D)OXRUFRXSOHGDQWLUDEELWVHFRQGDU\DQWLERGLHVDQGDQDO\]HGE\FRQIRFDO
PLFURVFRS\:HIRXQGWKHDQWL/,1*2DQWLERG\ZDVPDLQO\ORFDOL]HGDWWKHSODVPD
PHPEUDQH RI FHOOV LQFXEDWHG DW & )LJXUH $ DQG % WRS ZKLOH WKH DQWLERGLHV
ELQGLQJ(($RU/$03ZHUHLQWHUQDOWRWKHFHOOV$IWHUKRXUVLQFXEDWLRQDW&
WKHPDMRULW\RIDQWL/,1*2DQWLERG\KDVEHHQ LQWHUQDOL]HGDQGFDQEHVHHQ LQ WKH
F\WRSODVPRIWKHFHOOV)LJXUH$DQG%ERWWRP7KLVKDVEHHQYLVXDOL]HGE\WLPH
ODSVHYLGHRVKRZQLQWKH6,$SSHQGL[9LGHR$FHOOVZHUHLQFXEDWHG&LQ
'0(0 PHGLXP ZLWK  )%6 ZLWK DQWL/,1*2 $OH[D )OXRU  DQG JUHHQ
IOXRUHVFHQFHWLPHODSVHLPDJHVRYHUODLGZLWK ODEHOOHGDFLGLFRUJDQHOOHVO\VRVRPHV
XVLQJ /\VR7UDFNHU 'HHS 5HG UHG &HOOV ZHUH LQFXEDWHG DW DQG LPDJHV ZHUH
FROOHFWHG DW  VHFRQGV LQWHUYDOV IRU  KRXU XVLQJ D 'HOWD9LVLRQ (OLWH ,PDJLQJ
6\VWHP $IWHU LQWHUQDOL]DWLRQ WKH DQWL/,1*2 SDUWLDOO\ FRORFDOL]HG ZLWK WKH HDUO\
(ZLQJVDUFRPDVXUIDFHRPH	/,1*2
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HQGRVRPDO DQG WKH O\VRVRPDO PDUNHUV VXJJHVWLQJ WKDW /,1*2 SURWHLQ LV
LQWHUQDOL]HG YLD WKH HQGRVRPHO\VRVRPH SDWKZD\ IROORZLQJ ELQGLQJ ZLWK WKH DQWL
/,1*2 ELYDOHQW ,J* DQWLERG\ $V D QHJDWLYH FRQWUROV 06&9 DQG +(. FHOOV
QRQH[SUHVVHUV RI /,1*2 DQWLJHQ ZHUH LQFXEDWHG ZLWK RU ZLWKRXW DQWL/,1*2
$OH[D)OXRU6,$SSHQGL[9LGHRV

/,1*2FDQEHXVHGDVWDUJHWIRU(ZLQJVDUFRPDFHOONLOOLQJ
7KHXQLTXHFHOOVXUIDFHH[SUHVVLRQRI/,1*2SURWHLQ LQ(ZLQJVDUFRPDFRPSDUHG
WR RWKHU VRPDWLF WLVVXHV DQG WKH SKHQRPHQRQ RI DQWLERG\PHGLDWHG LQWHUQDOL]DWLRQ
VXJJHVWVWKDWWKHSURWHLQFDQVHUYHDVDPHGLDWRURIFHOONLOOLQJXVLQJDQWLERG\GUXJ
FRQMXJDWHV $'& 7KLV ZDV DQDO\]HG XVLQJ GR[RUXELFLQ LQ $'& DVVD\V ZLWK WKH
$(ZLQJOLQHVLQFHWKHVHFHOOVDUHNQRZQWREHGR[RUXELFLQVHQVLWLYH$GRVH
UHVSRQVHDQDO\VLVFRQILUPHGGR[RUXELFLQVHQVLWLYLW\DWDERXWX0)LJXUH$7KH
HIIHFWRIDQWL/,1*2$'&ZDVDVVD\HGLQ$)LJXUH%E\FRXSOLQJGR[RUXELFLQ
WRDQWL/,1*2DQWLERG\/LDQGLQFXEDWLQJHLWKHU$FHOOVRUWKH06&OLQH%ODVW
IRUXSWRKRXUV$FHOOVZHUHDOVRLQFXEDWHGZLWK/LDQWLERG\DORQHZLWKRXW
FRQMXJDWHGGR[RUXELFLQ&HOOGHDWKZDVHYLGHQWLQWKH$FHOOVLQFXEDWHGZLWKWKH
DQWL/,1*2$'&DWKRXUVUHVXOWLQJLQDERXWWR[LFLW\ZLWKLQWKHFXOWXUHDW
KRXUV)LJXUH%7KH$'&GLGQRWDIIHFWWKHSHUFHQWDJHYLDELOLW\RIWKH06&FHOOV
WKDWODFN/,1*2H[SUHVVLRQQRUGLGWKHDQWLERG\DORQHDIIHFWWKH$YLDELOLW\

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'LVFXVVLRQ
7KHFDQFHUFHOOVXUIDFHRPH
7KH XVH RI DQWLERG\ WKHUDSLHV LQ KXPDQ GLVHDVHV LQ SDUWLFXODU FDQFHU LV JDLQLQJ
LPSRUWDQFH EXW D PDMRU WHFKQLFDO FKDOOHQJH LV ILQGLQJ WKH IHZ FHOO VXUIDFH SURWHLQV
WKDW SURYLGH GLVWLQJXLVKLQJ PDUNV IRU VSHFLILF FDQFHU W\SHV ,Q DGGLWLRQ ZLWK WKH
DGYHQWRIQHZWHFKQRORJLHVIRU WXPRXUWDUJHWLQJVXFKDV LQYRNLQJ7FHOO UHVSRQVHV
ZLWK FKLPDHULF DQWLJHQ UHFHSWRUV  WKH UHTXLUHPHQW IRU VSHFLILF WXPRXU FHOO
VXUIDFHPDUNHUVKDVEHFRPHDFULWLFDOFRPSRQHQWIRU LPSOHPHQWLQJWKHVHPHWKRGV
7KHUHDUHYDULRXVSRVVLEOHDSSURDFKHVWRGHWHUPLQLQJWKHFHOOVXUIDFHSURWHRPHVRI
D WXPRXU W\SHVEXWDQXQGHUH[SORLWHGDSSURDFK LV WRXWLOL]H WKHJHQRPHVHTXHQFH
DQG DVVRFLDWHG DQQRWDWLRQ UHVRXUFHV WKDW SURYLGHV ERWK WKH IXOO JDPXW RI KXPDQ
JHQHV WKHLU OLNHO\ VSOLFH YDULDQWV DQG WKHLU SURWHLQ SURGXFWV %\ DQDO\]LQJ WKHVH
VHTXHQFHGDWDLWLVSRVVLEOHWRFODVVLI\JHQHSURGXFWVLQWHUPVRIOLNHO\IXQFWLRQEXW
FULWLFDOO\DOVRVXEFHOOXODUORFDWLRQLQSDUWLFXODUZKHWKHUWKHSURWHLQVDUHOLNHO\WREHDW
WKHFHOOVXUIDFH
:HKDYHXWLOL]HGWKHKXPDQJHQRPHVHTXHQFHGDWDDQGPRWLIVWRDVVRUWWKHJHQHV
LQWRWKRVHHQFRGLQJSURWHLQVWKDWDUHNQRZQWREHRUKDYHDOLNHOLKRRGEDVHGRQWKH
SUHVHQFHRIDPHPEUDQHPRWLIFHOOVXUIDFHSURWHLQVWKHVXUIDFHRPHGDWDEDVH7KLV
EXLOGV RQ SUHYLRXVO\ SXEOLVKHG DQDO\VLV  DQG QRZ LQFOXGHV PRUH FRPSUHKHQVLYH
VHWVRISURWHLQVDOODQQRWDWHGJHQHSURGXFWVDQGUHVSHFWLYHDQQRWDWLRQVLQFOXGLQJ
ERWK 8QLSURW DQQRWDWLRQV DQG DPLQRDFLG VHTXHQFH IHDWXUH SUHGLFWLRQV :H KDYH
DVVRUWHG WKH SURWHLQV DFFRUGLQJ WR OLNHOLKRRG RI FHOO VXUIDFH H[SUHVVLRQ DV JROG
NQRZQ FHOO VXUIDFH VXFK DV &' PDUNHUV VLOYHU PXOWLSOH LQGHSHQGHQW IHDWXUH
SUHGLFWLRQVRUDQQRWDWLRQVDQGEURQ]HVLQJOHIHDWXUHSUHGLFWLRQRUDQQRWDWLRQ7KLV
VXUIDFHRPH GDWDEDVH UHVRXUFH FDQ EH XVHG WR LQWHUURJDWH QH[W JHQHUDWLRQ GHHS
51$VHT GDWD IURPD SDUWLFXODU FHOO W\SH WRSURGXFHD FHOODVVRFLDWHG VXUIDFHRPH
7KHVHGDWDFDQEHFHOOW\SHVSHFLILFLIVXLWDEOHFRQWURO51$VHTGDWDDUHDYDLODEOHWR
DOORZ VXEWUDFWLRQ RI H[SUHVVLRQ SURILOHV VXEWUDFWLYH 51$VHT 7KLV DSSURDFK LV
(ZLQJVDUFRPDVXUIDFHRPH	/,1*2
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DSSOLFDEOHWRKXPDQGLVHDVHVWXGLHVVXFKDVFDQFHUELRORJ\DQGDXWRLPPXQLW\EXW
DOVRWRGHYHORSPHQWDOELRORJ\ZKHUHFHOOVXUIDFHFKDQJHVLQIOXHQFHFHOOIDWH

/,1*2LVDSRWHQWLDOWKHUDS\WDUJHWLQ(ZLQJVDUFRPD
:H KDYH DSSOLHG WKLV DSSURDFK WR DVVHVV VXUIDFHRPH WDUJHWV LQ (ZLQJ VDUFRPD
ZKLFK LV DQ DJJUHVVLYH ERQH DQG VRIWWLVVXH VDUFRPD LQ DGROHVFHQWV DQG \RXQJ
DGXOWV&XUUHQWWUHDWPHQWVLQYROYHLQWHQVLYHFKHPRWKHUDS\UDGLRWKHUDS\DQGUDGLFDO
VXUJHU\ ,Q DQ DWWHPSW WR LQYRNH PROHFXODU ELRORJ\ PHWKRGV WR LGHQWLI\ QHZ
DSSURDFKHV WR (ZLQJ VDUFRPD WKHUDS\ ZH KDYH JHQHUDWHG 51$VHT GDWD IURP
WXPRXU FHOOV DQG FRPSDUHG WKHVH ZLWK GDWD IURP PHVHQFK\PDO VWHP FHOO OLQHV WR
FDUU\RXWVXEWUDFWLYH51$VHT$PRQJRXU OLVWRIGLIIHUHQWLDOO\H[SUHVVHGFDQGLGDWH
VXUIDFHRPH WDUJHWV ZHUH PHPEHUV RI LPPXQRJOREXOLQOLNH GRPDLQV WKH * SURWHLQ
FRXSOHGUHFHSWRUVXSHUIDPLO\LRQFKDQQHOVDVZHOODVLRQWUDQVSRUWHUV6,$SSHQGL[
7DEOH6DQGLQFOXGHVVHYHQSURWHLQVWKDWKDYHQRWSUHYLRXVO\EHHQKLJKOLJKWHGDV
(:6 VXUIDFH WDUJHWV /,1*2 .&11 &'+ $'5$' 6/&$ &$&1$+
6/&$$UHFHQWUHYLHZKDVVXPPDUL]HGDYDLODEOH(ZLQJVDUFRPDWUDQVFULSWRPH
GDWD 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WKH(ZLQJ¶VXSUHJXODWHGFDQGLGDWHVSRVLWLYHO\FRUUHODWHVZLWKWKHH[SUHVVLRQOHYHORI
WKH WUDQVORFDWLRQ IXVLRQ EWS-FLI1 DQG FRQYHUVHO\ P51$V XSUHJXODWHG LQ 06&
QHJDWLYHO\FRUUHODWHVZLWKEWS-FLI1$PRQJVWWKHVHRXWVWDQGLQJSURWHLQVLV/,1*2
WKDW FRQVLVWVRIDPLQRDFLGVZLWKD ODUJHH[WUDFHOOXODUGRPDLQ WKHVWUXFWXUHRI
ZKLFKKDVEHHQHOXFLGDWHGE\FU\VWDOORJUDSK\DQGZKLFKLVGLVSOD\HGDWWKHFHOO
VXUIDFH WKHUHE\ IDYRXULQJ LPPXQH UHJXODWLRQ DSSURDFKHV PHGLDWHG E\ DQWLERG\
ELQGLQJ
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 /,1*2 LV D SURPLQHQW PROHFXOH VLQFH DQ H[WUDFHOOXODU LPPXQRJOREXOLQ
GRPDLQDQGD OHXFLQHUHSHDWGRPDLQKDYHSURYLGHGDQWLJHQLFHSLWRSHV IRUDQWLERG\
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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/,1*2LVDFRPSRQHQWRIWKH1RJRUHFHSWRUVLJQDOLQJFRPSOH[DQGSOD\VDUROHLQ
UHJXODWLRQ RI QHXURQDO VXUYLYDO D[RQ UHJHQHUDWLRQ ROLJRGHQGURF\WH GLIIHUHQWLDWLRQ
DQGP\HOLQDWLRQ /,1*2 LVH[FOXVLYHO\H[SUHVVHG LQ WKH&16 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KDYH YHULILHG ZLWK 573&5 DQDO\VLV RI 51$ IURP YDULRXV PRXVH WLVVXHV 6,
$SSHQGL[ ILJXUH6%UDLQH[SUHVVHG/,1*2LV ODUJHO\SURWHFWHGIURPFLUFXODWLQJ
DQWLERGLHV E\ WKH EORRG EUDLQ EDUULHU 7KH UHVWULFWHG H[SUHVVLRQ SDWWHUQ DQG
DFFHVVLEOHH[WUDFHOOXODUGRPDLQPDNH/,1*2DDWWUDFWLYHWDUJHWIRUDQWLERG\EDVHG
WKHUDSLHV
 2XU UHVXOWV VKRZ WKDW DQ DQWLERG\ ELQGLQJ WR WKH H[WUDFHOOXODU GRPDLQ RI
/,1*2 FDQ LQGXFH FHOO NLOOLQJ ZKHQ WKH DQWL/,1*2 DQWLERG\ FDUULHV D F\WRWR[LF
GUXJDVDQ$'&7KHVHLPPXQRORJLFDOSURSHUWLHVDUHSUHVXPDEO\GXHWRWKHHIILFLHQW
LQWHUQDOL]DWLRQ RI WKH FHOO VXUIDFH /,1*2 SURWHLQ RQ ELQGLQJ WR WKH ELYDOHQW ,J*
DQWLERG\ XVHG 7KXV $'& LV D PRVW SURPLVLQJ PHWKRG IRU WUHDWPHQW RI (ZLQJ
VDUFRPD,Q(ZLQJWKHVLWHDQGVL]HRIWKHSULPDU\WXPRXUDUHSURJQRVWLFIDFWRUVIRU
RXWFRPH EXW WKH PRVW LPSRUWDQW IDFWRU LV WKH SUHVHQFH RI PHWDVWDWLF GLVHDVH DW
SUHVHQWDWLRQ ZKLFK LV DQ DGYHUVH IDFWRU $ERXW D TXDUWHU RI SDWLHQWV SUHVHQW ZLWK
GLVVHPLQDWHGGLVHDVHDQGWKHIURQWOLQHWKHUDS\VXUJHU\DQGFKHPRWKHUDS\UHVXOWV
LQ ORZ  \HDU VXUYLYDO 5HFXUUHQW GLVHDVH LVDVVRFLDWHG ZLWK D YHU\SRRUSURJQRVLV
DQGQHZWKHUDSHXWLFDSSURDFKHVDUHUHTXLUHG7KHXVHRIWDUJHWLQJVWUDWHJLHVWR
/,1*2LVDQRYHOSRWHQWLDODSSURDFKWRLPSURYHWKLVRXWFRPH
 7KH H[SUHVVLRQ RI /,1*2 RQ EUDLQ FHOOV LV DQ LVVXH ZLWK WKH XVH RI
DQWLERGLHV FDUU\LQJ WR[LF GUXJV 7KH EORRGEUDLQ EDUULHU LV DQ HIIHFWLYH JURVV
SUHYHQWLRQRIEORRGVXSSO\EHFDXVHRI WKH WLJKW MXQFWLRQVRI WKHYHVVHOHQGRWKHOLXP
EXWVRPHPDFURPROHFXOHPRYHPHQWLVSRVVLEOH7KXV$'&ZLWKDQWL/,1*2ZRXOG
QHHG WR EH WHVWHG WR DVVHVV WKLV SRVVLEOH SUREOHP $QWL/,1*2 ELVSHFLILF
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SURWHLQV % (DFK GRW UHSUHVHQWV DQ P51$ WUDQVFULSW 7UDQVFULSWV IRXQG WR EH
VLJQLILFDQWO\XSUHJXODWHGLQ(ZLQJVDUFRPDRU06&DUHVKRZQZLWKUHGRUEOXHGRWV
UHVSHFWLYHO\IRUHDFKWUDQVFULSWZHFDUU\RXWDPRGLILHG WWHVWXVLQJWKHWKUHH(:6
YDOXHV DQG WKH WZR 06& YDOXHV )URP WKLV WHVW ZH REWDLQ D SYDOXH FRUUHFWHG IRU
PXOWLSOHWHVWLQJ$WUDQVFULSWLVPDUNHGDVXSUHJXODWHGRUGRZQUHJXODWHGRQO\LIWKH
FRUUHFWHG SYDOXH LV VPDOOHU WKDQ  7KH QXPEHUV LQ SDQHO % LQGLFDWH WKH
VXUIDFHRPH FDQGLGDWH WDUJHW JHQHV LGHQWLILHG LQ (ZLQJ VDUFRPD   DQG 06&
VSHFLILFJHQHVVHH6,$SSHQGL[7DEOH6
 
)LJXUH  $QDO\VLV RI FDQGLGDWH FHOO VXUIDFH JHQH H[SUHVVLRQ OHYHOV E\ T57
3&5
51$LVRODWHGIURPWKH(ZLQJVDUFRPDFHOO OLQHV$7&DQG77&DQGWZR
06& OLQHV+DQGYZDVUHYHUVHWUDQVFULEHG LQWRF'1$DQGDQDO\VHGE\T57
3&5 ([SUHVVLRQ OHYHOV ZHUH QRUPDOL]HG DJDLQVW WKH KRXVHNHHSLQJ JHQH GAPDH
DQGWKH(ZLQJVDUFRPDFHOOOLQH$ZDVXVHGDVDUHIHUHQFH5HODWLYHH[SUHVVLRQ
OHYHOVDUHJLYHQDVǻǻ&WZLWKǻ&W &W/,1*2±&W*$3'+ǻǻ&W ǻ&W6DPSOH±ǻ&W$
7KH HUURU EDUV UHSUHVHQW WKH  FRQILGHQFH LQWHUYDO RI WKH 54 UHODWLYH TXDQWLW\
YDOXH

)LJXUH/,1*2LVGLIIHUHQWLDOO\H[SUHVVHGLQ(ZLQJ6DUFRPD
7KH DVVRFLDWLRQ RI /,1*2 P51$ DQG SURWHLQ LQ (ZLQJ VDUFRPD FHOOV ZDV
FRQILUPHGE\T573&5DQGLPPXQREORWWLQJ
(ZLQJVDUFRPDVXUIDFHRPH	/,1*2

$ T573&5 DQDO\VLV RI HLJKW (ZLQJ VDUFRPD FHOO OLQHV DQG WKUHH 06& OLQHV
LINGO1H[SUHVVLRQOHYHOVZHUHQRUPDOL]HGDJDLQVWWKHKRXVHNHHSLQJJHQHGAPDH
DQGWKH(ZLQJVDUFRPDFHOOOLQH$ZDVXVHGDVDUHIHUHQFH7KHVHDUHVHWDW
LH$ 5HODWLYHH[SUHVVLRQOHYHOVDUHJLYHQDV54UHODWLYHTXDQWLILFDWLRQ
  ǻǻ&W ZLWK ǻ&W   &W/,1*2 ± &W*$3'+ ǻǻ&W   ǻ&W 6DPSOH ± ǻ&W$ 7KH HUURU EDUV
UHSUHVHQWWKHFRQILGHQFHLQWHUYDORIWKH54YDOXH
% :HVWHUQ EORW DQDO\VLV RI /,1*2 SURWHLQ /\VDWHV RI (ZLQJ VDUFRPD DQG 06&
FHOOV ZHUH IUDFWLRQDWHG E\ 6'63$*( HOHFWURSKRUHVLV DQG DQDO\VHG E\ :HVWHUQ
EORWWLQJ XVLQJ WKH DQWL/,1*2 DQWLERG\ $EFDP ([SUHVVLRQ RI (:6)/, ZDV
VKRZQLQ$7&&+36.10&67$(7ULJKWKDQGSDQHOXVLQJDQDQWL
)/,DQWLERG\([SUHVVLRQRIHLWKHUWKHDOWHUQDWLYHIXVLRQSURWHLQ(:6(5*LQ77&
50RUWKH(:6)(9IXVLRQLQ67$(7OHIWKDQGSDQHOZDVGHPRQVWUDWHG
XVLQJDQDQWL(5*DQWLERG\$FWLQVHUYHGDVDSURWHLQORDGLQJFRQWURO
& /,1*2 LV H[SUHVVHG LQ SULPDU\ (ZLQJ 6DUFRPD SDWLHQW VDPSOHV 7LVVXH
PLFURDUUD\V FRQWDLQLQJ FRUHV IURP WXPRXU ELRSVLHV ZHUH DQDO\]HG E\
LPPXQRKLVWRFKHPLVWU\ XVLQJ DPL[WXUH RI WZR$OH[D)OXRU FRXSOHG JUHHQDQWL
/,1*2DQWLERGLHV$EFDPDQG0LOOLSRUHDQGDQ$OH[D)OXRUFRXSOHGUHGDQWL
&' DQWLERG\ 7KHUPR 6FLHQWLILF ,PDJHV ZHUH DFTXLUHG E\ FRQIRFDO ODVHU
VFDQQLQJ PLFURVFRS\ DQG DQDO\]HG XVLQJ ,PDJH- VRIWZDUH /,1*2 H[SUHVVLRQ
OHYHOVZHUHHVWLPDWHGEDVHGRQVWDLQLQJ LQWHQVLWLHV7KH ILJXUH VKRZV H[DPSOHVRI
ZHDNSDWLHQWPHGLXPSDWLHQWDQGVWURQJSDWLHQW/,1*2VWDLQLQJ
LQWHQVLWLHVVXPPDUL]HGGDWDDUHJLYHQLQ6,$SSHQGL[WDEOH63DUDIILQHPEHGGHG
06&WLVVXHFXOWXUHFHOOVVHUYHGDVDQHJDWLYHFRQWURO6FDOHEDUV P

)LJXUH/,1*2LVH[SUHVVHGRQWKHVXUIDFHRI(ZLQJ6DUFRPDFHOOOLQHV
/,1*2 VXUIDFH H[SUHVVLRQ LQ $ (:6 DQG % 06& FHOO OLQHV ZDV DQDO\]HG E\
)$&6XVLQJWKHDQWL/,1*2DQWLERG\/LDQGD),7&FRQMXJDWHGDQWLKXPDQ,J*
VHFRQGDU\ DQWLERG\ 7KH [D[LV VKRZV ORJ IOXRUHVFHQFH LQWHQVLWLHV IRU /,1*2
(ZLQJVDUFRPDVXUIDFHRPH	/,1*2

DQWLERG\ELQGLQJEOXHZKLOHWKH\D[LVVKRZVFHOOFRXQWVQRUPDOL]HGWRPD[LPXPRI
FHOOVFROOHFWHGIRUHDFKFHOOOLQH7KHFHOOVWDLQLQJZLWKVHFRQGDQWLERG\RQO\LVVKRZQ
LQUHG

)LJXUH  /,1*2 SURWHLQ LQWHUQDOL]HV RQ (ZLQJ 6DUFRPD FHOOV ZKHQ ERXQG E\
ELYDOHQWDQWLERG\
/,1*2 LV LQWHUQDOL]HGDQG ORFDOL]HV WR WKHHDUO\HQGRVRPHVDQG O\VRVRPHVDIWHU
ELQGLQJ DQWL/,1*2 DQWLERG\ $ (ZLQJ VDUFRPD FHOOV ZDV WUHDWHG ZLWK $OH[D
ODEHOHGJUHHQDQWL/,1*2/LDQWLERG\DQGLQFXEDWHGIRUKRXUVDW&RU
&&HOOVZHUHIL[HGDQGLQFXEDWHGZLWKPRQRFORQDOUDEELWDQWLERG\ELQGLQJHLWKHU
WKH HQGRVRPDO PDUNHU (($ SDQHO $ RU WKH O\VRVRPDO PDUNHU /$03 SDQHO %
IROORZHGE\LQFXEDWLRQZLWK$OH[DODEHOHGUHGVHFRQGDU\DQWLUDEELWDQWLERGLHV
&HOOQXFOHLZHUHVWDLQHGXVLQJ'$3,EOXH

)LJXUH  (IIHFWRIGR[RUXELFLQDQWL/,1*2DQWLERG\GUXJFRQMXJDWHRQYLDELOLW\RI
(ZLQJVDUFRPDFHOOV
$7KH(ZLQJVDUFRPDFHOOOLQH$H[SUHVVLQJ/,1*2VXUIDFHDQWLJHQZDVWHVWHG
IRU VHQVLWLYLW\ WR GR[RUXELFLQ &HOOV ZHUH LQFXEDWHG LQ WKH DEVHQFH RU SUHVHQFH RI
LQFUHDVLQJFRQFHQWUDWLRQVRIGR[RUXELFLQDQGWKHFHOOYLDELOLW\ZDVFRXQWHGXVLQJWKH
3UHVWR%OXHDVVD\DWKRXUV
% /L DQWL/,1*2 DQWLERG\ ZDV FRQYHUWHG WR DQ $'& XVLQJ QH[W JHQHUDWLRQ
PDOHLPLGH  DQG XVLQJ LQ FHOO NLOOLQJ DVVD\V $ DQG 06& FRQWURO FHOOV ZHUH
LQFXEDWHG IRURUKRXUV LQ WKHSUHVHQFHRIXJPO/L$'&RU/LDORQH
$IWHU WKH LQGLFDWHG LQFXEDWLRQ WLPH WKH FHOO YLDELOLW\ ZDV DVVD\HG XVLQJ WKH
3UHVWR%OXHPHWKRG9DOXHVDUHQRUPDOL]HGWRFHOOQXPEHUDQGYLDELOLW\RIXQWUHDWHG
FHOOV

